The reconstruction of large scalp and dural defects is difficult. Anterolateral thigh (ALT) flap is now widely used because of its reliable blood supply to the skin paddle. Additionally, ALT can be harvested with a large skin paddle and large, well-vascularized fascia. We have successfully treated eight scalp and dural composite defect cases (five male and three female) using ALT with vascularized fascia. The patients' mean age was 59.1 ± 20.4 years ranging from 31 to 83 years. The mean dural defect size was 73 ± 21 cm 2 , ranging from 50 to 120 cm 2 . There were no postoperative infections, bleeding, cerebrospinal fluid leakage, or meningitis. Further discussion about the usefulness of vascularized fascia may be required and we believe that plastic surgeons, head and neck surgeons, and neurosurgeons should report on the results of dural reconstruction.
Introduction
The reconstruction of large scalp and dural defects is difficult and challenging [1] - [8] . The problem is what kind of material should be used to reconstruct large dural defects. The reconstruction of dural defects should be performed without cerebrospinal fluid (CSF) leakage or infection. However, we often experience cases that have already caused dural infection, and in such cases dural reconstruction should be performed using well-vascularized tissue. Koshima et al. reported the usefulness of anterolateral thigh flap (ALT) in the reconstruction of head and neck regions 9. ALT is now well known as a reliable vascularized flap for head and neck reconstruc-tion [7] - [12] . ALT can be harvested with a large skin paddle and a large, well-vascularized fascia [10] . We successfully controlled postoperative dural infection using vascularized fascia. In this report, we discuss our experience using free ALT in the reconstruction of composite defects of the scalp and dura matter.
Material and Methods
The subjects comprised eight patients (five male and three female) with a mean age of 59.1 ± 20.4 years who had undergone free ALT with vascularized fascia transfer for scalp and dural defects at Fukushima Medical University Hospital between April 2007 and April 2014.
Surgical Procedure
Artificial materials, tumors, devitalized tissues, and foreign bodies were removed by a neurosurgeon. ALT was harvested from the same side as the defect in seven of the eight patients. First, a linear incision was made into the fascia (Figure 1(a) ). Next, the vascular pedicle was introduced to the outside through an incision ( Figure  1(b) ), then the incision was closed using 4-0 Neurolon (Ethicon Inc., Somerville, NJ) (Figure 1(c) ). The fascia was fixed to the edge of the dura using 4-0 Neurolon. After fixation of the fascia, end-to-end anastomosis was performed between the lateral circumflex femoral artery and the superficial temporal artery under an operative microscope using 9-0 nylon (Keisei Medical Industry Co. Ltd., Tokyo, Japan). The lateral circumflex femoral vein was sutured to the superficial temporal vein using 9-0 nylon suture. The skin defect was covered by the skin paddle of ALT with 4-0 PDS II (Ethicon Inc., Somerville, NJ) and 5-0 Ethilon (Ethicon Inc., Somerville, NJ) ( Table 1 ).
Results
Abscess formation related to artificial dura and artificial bone was observed in five of the eight patients. Necrosis of soft tissue tumors, which had invaded brain tissue, was observed in two patients, and one patient had bone and dural defects due to a severe head contusion caused by an industrial accident. Preoperatively, capsule formations under the artificial dura were observed in four of five cases that had preoperative subdural abscess formation. In these cases, the capsules were not removed. However, these cases had CSF leakage from the capsule. None of our cases experienced flap necrosis or leakage of CSF, postoperatively. Mean follow up period was 3.4 years ranging from 0.5 to 5 years. In Case 1, the recurrence of a brain tumor was observed two months postoperatively, and the patient died six months postoperatively.
Case Report
Case 1 A 60-year-old female presented with advanced squamous cell carcinoma in the left frontotemporal region. She had fallen into a fireplace and received severe a burn when she was six years old. The burn was healed with a conservative treatment. Five years preoperatively, ulceration of the burn scar occurred. However, she treated it herself and did not consult a doctor. She was referred from private clinic to our hospital when rapid growth and necrosis of the tumor was observed (Figure 2(a) ). Wide excision of the tumor, skull, and dura was performed by a neurosurgeon and a plastic surgeon (Figure 2(b) ). The size of the defect of the dura was 120 cm 2 . We harvested 20 × 15 cm ALT with 15 × 10 cm fascia (Figure 2 defect site. The fascia was fixed to the edge of the dura (Figure 2(e) ). End-to-end anastomosis was performed between the superficial temporal artery and the lateral circumflex femoral artery. End-to-end anastomosis was also performed between the superficial temporal vein and the lateral circumflex femoral vein. There was no CSF leakage, meningitis, or flap necrosis (Figure 2(f) ). Two months postoperatively, a recurrence of the tumor was observed in the patient's brain. Although recurrence of the tumor was observed, the patient and her family were satisfied with the result of the surgery because they did not have to treat a large necrotic tumor. Six months postoperatively, she died of recurrence and metastasis of the brain tumor. Case 2 A 31-year-old male presented with a severe contusion wound in the left temporal region. He worked at a small factory, where he hit his head on a machine because his left sleeve was caught by a roller. He was taken to our hospital by ambulance. He had an open skull fracture with a brain contusion (Figure 3(a) and Figure 3(b) ). An emergency operation was performed to remove damaged scalp, temporal muscle, and skull fragments. Any oil and foreign bodies were also removed. The dural defect was 80 cm 2 , and we harvested 15 × 10 cm ALT with 10 × 10 cm fascia (Figure 3(c) and Figure 3(d) ). The flap was transferred to the defect site and the fascia was fixed to the edge of the dura (Figure 3(e) ). End-to-end anastomosis was performed both between the superficial temporal artery and the lateral circumflex femoral artery, and between the superficial temporal vein and the lateral circumflex femoral vein. There was no CSF leakage, meningitis, or flap necrosis. One month after surgery, he left hospital with no abnormal neurological findings. Eight months after surgery, we inserted a tissue expander into his scalp, three months after which we performed scar revision (Figure 3(f) ). Two years postoperatively, the scar was acceptable (Figure 3(g) ).
Discussion
Reconstruction of scalp, bone, and dural composite defects is challenging. This is because CSF leakage will cause wound infections, epidural abscesses or meningitis. In particular, many authors have reported the relationship between CSF leakage and postoperative meningitis [13] - [16] .
The safety of artificial dura has been reported [18] . Neurosurgeons often perform dural reconstruction using artificial dural grafts such as polytetrafluoroethylene [17] [18], collagen matrix [19] and a cellular dermal matrix [20] after brain tumor resection. All of our cases had either a large scalp defect and abscess formation preoperatively, or a large contaminated wound. To prevent postoperative dural infection, we performed dural reconstruction using vascularized fascia.
There has been discussion about whether reconstructed dura should be vascularized. Nakano et al. performed dural reconstruction after the infection [21] . They also reported the safety of fascia lata graft. In their case, there was no large scalp defect, and they could perform direct closure of the scalp. On the other hand, Malliti et al. reported the results of dural reconstruction using artificial materials and pedicled fascial flap [1] . They concluded that using vascularized fascia could prevent CSF leakage and infection. Other studies have reported on the use of free flaps with vascularized fascia transfer for scalp and dural composite defects. The advantage of scalp and dural composite defect reconstruction using free flaps with fascia is that dead space can be filled with well-vascularized tissue so that there is no space between the fascia and the skin paddle. Recently, the usefulness of ALT for the reconstruction of head and neck defects has been reported. ALT can be harvested with large, well-vascularized fascia with large skin paddles. Some authors have reported scalp and dural complex defects using ALT with fascia. However, there are not many with more than five cases of dural reconstruction using vascularized fascia. In 2004, van Driel et al. reported an algorithm of scalp defect reconstruction after malignant tumor resection [22] . They suggested that ALT with fascia was the first choice for reconstruction of dural defects which had been previously irradiated to reduce postoperative infection. In our study, five cases had a subdural abscess formation preoperatively and two cases had a large malignant tumor with necrosis. One case had a large contaminated scalp, bone, dura, and brain wound. Nagasao et al. reported successful scalp and dural complex reconstruction without removing the capsule under the artificial dura [23] . In our study, capsule formation was observed in four cases. We also did not remove the capsule because all four cases had CSF leakage, and dural reconstructions were required. However, Fujioka et al. reported that preserving the capsule increased the risk of infection [24] . We believe that the use of well-vascularized fascia may be a solution to this issue. Abuzayed et al. performed duraplasty using autologous fascia lata reinforced by a pedicled temporoparietal fascia flap [25] . In their report, well-vascularized fascia could control CSF leakage. Of course, further discussion is needed and the necessity for vascularization of reconstructed dura should be investigated. Our results suggest that vascularized fascia prevents postoperative infection and CSF leakage. We also believe that plastic surgeons, head and neck surgeons, and neurosurgeons should report on the results of dural reconstruction. In addition, we should study more cases, and a multi-institutional joint research project is required.
Conclusion
We performed successful scalp and dural reconstruction using an ALT flap with vascularized fascia in patients with an epidural abscess or severe brain contusion preoperatively. We believe that more cases should be accumulated and the effectiveness of vascularized fascia should be investigated further.
